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Injectable formulations containing a deslccant 

This invention relates to pharmaceutical formulations suitable for parenteral 
administration. 

S Pharmaceutical formulations for parenteral administration, which term 

includes injection and infusion, e.g intravenously (i.v.) or intramuscularly (i.m.), 
are normally available as ready to use solutions and suspensions provided in sealed 
vials or ampoules, or as solid formulations, e.g. granules and powders, provided in 
. sealed vials ready for reconstitution with an aqueous medium such as sterile water. 

10 Problems can occur on long tenn storage of such solid formulations, for 

example in the vials in which they are supplied or in containers in which they are 
stored, when components of the formulation are significantly moisture sensitive, e.g 
hygroscopic and/or readily hydrolysable, as containers can allow slow ingress of 
atmospheric moisture, and moreover there may be traces of water in the air and/or 

15 in one or more components of the formulation and/or in the container before it is 
sealed. 

One type of such moisture sensitive formulations are those which include 
pharmaceutically acceptable derivatives of the p-lactamase inhibitor clavulanic acid 
(hereinafter referred to as "clavulanate" unless specific derivatives are identified), 

20 such as its salts, particularly potassium clavulanate, which is very moisture 
sensitive. Potassmm clavulanate is frequently co-formulated with P-lactam 
antibiotics in injectable formulations, such as with injectable forms of amoxycillin, 
for example sodium amoxycillin. 

In conmionly used co-formulations of potassium clavulanate and sodium 

25 amoxycillin, an amorphous spray dried form of sodium amoxycillin is used. Spray 
dried sodium amoxycillin is a powerftil desiccant and when co-formulated with 
potassium clavulanate in a sealed vial it can serve to protect the potassium 
clavulanate from the effects of moisture. EP 0131147 discloses a crystalline form of 
sodium amoxycillin, which is of greater purity than spray-dried sodium 

30 amoxycillin. It is clearly deskable to co-formulate potassium clavulanate with such 
a purer form of sodium amoxycillin, but when this is done the problem is 
encountered that the purer crystalline form of sodium amoxycillin has no or very 
little desiccant ability, and does not significantly protect the potassium clavulanate 
from degradation by moisture. 

35 Tablet formulations comprising potassium clavulanate have included 

desiccants as part of the tablet formulation, e.g as disclosed m GB 2084016. But 
clearly the desiccants used therein, silica gel and molecular sieve, are unsuitable for 
injectable formulations. 

It is an object of this invention to provide desiccated pharmaceutical 
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formulations suitable for administration by injection or infiision, particularly 
formulations comprising potassium clavulanate and sodium amoxycillin. Other 
objects and advantages of the present invention will be apparent from the foUowmg 
description. 

5 According to this invention a pharmaceutical formulation is provided, 

comprising a moisture sensitive pharmaceutically active material and a desiccant 
material, the desiccant being both water soluble and pharmaceutically acceptable by 
parenteral administration. 

The present invention also provides a method of preparing such a 
10 formulation, comprising the steps of admixing a moisture sensitive pharmaceutically 
active material and a desiccant, the desiccant being both water soluble and 
pharmaceutically acceptable by injection or infusion. 

The present invention also provides such a formulation for use as an active 
therapeutic substance. 

15 The present invention also provides the use of such a formulation in the 

preparation of a medicament. 

The present invention also provides a method for protecting a moisture 
sensitive pharmaceutically active material from degradation by moisture by the use 
of a desiccant material which is both water soluble and pharmaceutically acceptable 
20 by parenteral administration. 

The present invention also provides a method of treatment of a human 
patient which includes the step of the parenteral administration to a patient in need 
of such treatment of a formulation as described above. 

In the formulation of the mvention the desiccant exceicises a desiccant effect 
25 upon the moismre sensitive pharmaceutically active material and thereby protects it 
against the effects of moisture. Moreover by virtue of being pharmaceutically 
acceptable by parenteral administration the formulation may be made up into 
solution together with the active material for parenteral admmsitration, for example 
via i.v. or i.m. administration. 
30 The formulation of the invention is suitable for parenteral administration. 

The moisture sensitive pharmaceutically active material is preferably one which is 
suitable for parenteral admmistration. The formulation of the invention may 
additionaly include pharmaceutically active material(s) which are stable to moisture 
and which are suitable for parenteral administration. 
35 The invention is particularly suitable for use in formulations wherein the 

moisture sensitive pharmaceutically active material is clavulanate, particularly 
potassium clavulanate. The clavulanate may be co-formulated with an injectable 
antibiotic, suitably a p-lactam antibiotic, such as a penicillin or cephalosporin, so 



-2- 



wo 95/33487 



PCT/EP95/02127 



that the formulation is suitable for use in the treatment of bacterial infections. The 
antibiotic may be in a crystalline form, and may also be moisture sensitive, or may 
be stable toward moismre. 

Preferred p-lactam antibiotics are amoxycillin and ticarcillin in the form of 
5 respectively sodium amoxycillin and sodium ticarcillin. A particular form of sodium 
amoxycillin for which the present invention is suitable is ciystalline sodium 
amoxycillin, particularly anhydrous crystalline sodium amoxycillin, for example the 
crystalline sodium amoxycillin disclosed in EP 0131147, the contents of which are 
included by way of reference. 

10 In such a co-formulation of potassium clavulanate and an antibiotic such as 

sodium amoxycillin or sodium ticarcillin the ratio potassium clavulanate : antibiotic 
may vary within known broad limits, typically between 1 : 1 and 1 : 30, 
particularly between 1 : 1 and 1: 12 in the case of sodium amoxyciUin, for example 
between 1 : 1 and 1 : 8, these ratios being expressed in terms of the free acid 

15 equivalents. 

In such a formulation the quantities of active materials may be present in 
unit or multiple unit dosage amounts, corresponding to the quantities in which they 
are used in known injectable formulations. For example in the case of injectable 
potassium clavulanate : sodium amoxycillin formulations 100 mg clavulanic acid : 

20 500 mg amoxycilUn, or 200 mg clavulanic acid : 1000 mg amoxycillin, provided 
respectively as potassium clavulanate and sodium amoxycillin may be used in unit 
dosage or multiple unit dosage formulations. 

A suitable desiccant is a desiccating metal salt which is water soluble and 
pharmaceutically acceptable when administered by injection. Examples of such salts 

25 which have been found to be suitable, particularly for formulations which comprise 
clavulanate, for exan^le co-formulations of potassium clavulanate and crystalline 
sodium amoxycillin, include Group I and Group n metal chlorides or mixtures 
thereof, such as desiccating forms of sodium chloride, calcium chloride and 
magnesium chloride. 

30 A suitable desiccatmg form of sodium chloride is an amorphous form for 

example obtainable by spray-drying and containing a low moisture content. A 
suitable desiccating form of calcium chloride is an at least partly dehydrated form, 
e.g containing 5% or less of water, for example obtainable by heat treatmem under 
vacuum. A suitable desiccating form of magnesium chloride is an at least partly 

35 dehydrated form, for example obtainable by heat treatment under vacuum. 

Other metal salts which may be suitable include disodium phosphate in an at 
least partly anhydrous form e.g containing around 0.1 % water. Such salts may be 
used singly or in mixmres, for example a mixdire of sodium chloride and 
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magnesium chloride. 

The quantity of a desiccating metal salt needed to provide adequate 
desiccation of the pharmaceutical formulation of the invention will depend upon the 
components of the formulation and in particular on the nature of the moisture 
5 sensitive active material. In the case of formulations comprising potassium 

clavulanate, 2200 mg of a 10:1 sodium amoxycillin : potassium clavulanate blend 
(ratio expressed as weights of free acids equivalent) contained in a sealed vial for 
mjectable administration may be suitably protected by 50 mg or less , e.g 35 - 15 
mg of magnesium chloride, or by 200 mg or less, e.g 100 mg or less, of sodium 
10 chloride, or by 100 mg or less of a 95:5 w:w mixture of sodium chloride and 
magnesium chloride, or by 100 mg or less, e.g 50 mg or less of calcium chloride. 

Another suitable desiccant is a desiccating carbohydrate which is water 
soluble and pharmaceutically acceptable when admmistered by injection. Examples 
of such desiccating carbohydrates include lactose (particularly in a spray-dried 
15 form) sorbitol, and glucose, in an at least partly dehydrated state, for example 
obtainable by heat treatment under vacuum. Lactose is a preferred desiccating 
carbohydrate. Desiccating carbohydrates may be used smgly, or mixtures of 
desiccating carbohydrates may be used, or mixtures of one or more desiccating 
carbohydrates with one or more of the above-described desiccating metal salts may 
20 be used. 

The quantity of a desiccating carbohydrate needed to provide adequate 
desiccation of the pharmaceutical formulation of the invention will again depend 
upon the components of the formulation and in particular on the nature of the 
moisture sensitive active material. In the case of formulations comprising potassium 

25 clavulanate, 2200 mg of a 10:1 sodium amoxycillin : potassium clavulanate blend 
(ratio expressed as weights of free acids equivalent) contained m a sealed vial for 
mjectable admmistration may be suitably protected by 500 mg or less of a 
desiccatmg form of glucose, sorbitol or spray-dried lactose. 

Another suitable desiccant is a desiccating form of a polyvinylpyrrolidone 

30 ("PVP") polymer, such as the polymers commercially available as Kollidon 17 PF ™ 
and Kollidon 12 PF ™. The use of PVP in the form of Kollidon PF 12 ™ together 
only with sodium amoxycillin in injectable pharmaceutical formulations to improve 
the stability of the sodium amoxycillin when the formulation has been reconstituted 
has previously been disclosed in EP 0012495 A and HP 0012496 A. However the 

35 PVP is not functioning as a desiccant in such formulations, as EP 0012495 states 
that the PVP may even be provided as an aqueous solution. EP 0012495 discloses a 
formulation comprising 250 mg of precipitated sodium amoxycillin and 1000 mg of 
Kollidon PF 12 ™, The sodium amoxycillm disclosed in EP 0012495 is an unstable 
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amorphous material, not the crystalline anhydrous fonn of sodium amoxycillin 
disclosed in EP 0131147, and moreover the examples of EP 0012495 include the 
use of spray dried sodium amoxycillin which is a desiccant per se. 

The quantity of a desiccating form of PVP needed to provide adequate 
5 desiccation of the pharmaceutical formulation of the invention will again depend 
upon the components of the formulation and in particular on the nature of the 
moisture sensitive active material. In the case of formulations comprising potassium 
clavulanate, 2200 mg of a 10:1 sodium amoxycillin : potassium clavulanate blend 
(ratio expressed as weights of free acids equivalent) contained m a sealed vial for 

10 injectable administration may be suitably protected by 500 mg or less, e.g 100 mg 
or less, e.g ca. 30 mg of a desiccating form of PVP. 

Mixtures of two or more of the above-mentioned classes of desiccants may 
be used, for example of a desiccating metal salt and a desiccating carbohydrate such 
as spray dried lactose. 

15 The weights of the above mentioned desiccants suggested above to protect 

the above mentioned weights of sodium amoxycillin : potassium clavulanate blend 
suggest by extrapolation or interpolation which will be apparent to those skilled in 
the art suitable weight : weight ratios for protection of other weights of potassium 
clavulanate by such desiccants. 

20 Preferred formulations of the invention are those comprising crystalline 

sodium amoxycillin, potassium clavulanate and as a desiccant magnesium chloride, 
sodium chloride or spray-dried lactose. Of these desiccants magnesium chloride is 
particularly preferred. 

The method of protecting a moisture sensitive pharmaceutically active 

25 material from degradation by moisture provided by this invention is suitable for use 
in the protection of formulations contained in sealed containers. 

The formulation may be a formulation which on reconstitution with water 
yields a solution or suspension which is suitable for administration by injection. 
Formulations for administration by injection are normally provided in sealed vials, 

30 and the present invention therefore also includes sealed vials containing such a 
formulation. When sealing such a formulation into vials it is advisable to take 
additional physical precautions to reduce the ingress of atmospheric moisture, for 
example the use of vials made of substantially impermeable materials such as glass, 
provided with efficient stoppers. If the formulation includes potassium clavulanate 

35 the formulations are preferably filled m conditions of low relative humidity, 
typically around 30% RH or lower. 

The formulations of the invention may also include the excipients which are 
often included in injectable formulations, for example local anaesthetics. 
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preservatives, buffering agents, surfactants and wetting agents etc. Such materials, 
and appropriate quantities in which they may be used, are known in the art, for 
example for use in injectable potassium clavulanate : sodium amoxycillin co- 
formulations. Alternatively such materials may be included in the medium with 
5 which the formulations are made up. 

The formulation may be sterilised in a known way for example with ethylene 
oxide. Alternatively individual sterile components of the formulation can be blended 
in a sterile area. 

Formulations of the invention may be formulated in any suitable way, for 
10 example by simply admixing the dried, powdered or granulated constituents, eidier 
prior to introducing tiiem into a vial, or introducing them individually and 
separately in any order into a vial prior to sealing the vial. Suitably potassium 
clavulanate may be pre-mixed witii sodium amoxycillin and then mixed witii the 
desiccant material, and this mixture may then be introduced into a vial prior to 
15 sealing the vial. 

The method of protecting a moismre sensitive pharmaceutically active 
material contained in sealed containers from degradation by moismre provided by 
this mvention may also be of use in the storage and transportation of such materials, 
for example by including such a desiccant in bulk pharmaceutically active material, 
20 or a mixture comprising it, in a storage and/or transport container. Such a mixture 
may be a formulation suitable for administration by injection, or a component of 
such a formulation. 

The invention will now be described by way of non-limiting example only. 

25 1. Preparation of Desiccant Materials. 

Desiccant materials were prepared by the following procedure: 



30 



Desiccant 


Initial Water 


Drying 


Post-Drying 


Material 


% 


Treatment 


Water % 


CaCl2 


22.03 


Vacuum* 6h, 120OC 


3.3 


MgCl2 


52.5 


Vacuum* 6h, 120OC 


33.8 


sd-Lactose 


5.1 


Vacuum* 6h, 120OC 


1.9 


NaCl 


0.1 


No Treatment 





(note: * vacuum = ca. 0-25 mbar; sd = "spray dried") 

2. Desiccant : Formulation Blends Tested. 

2200 mg of a 10 : 1 crystalline sodium amoxycillin (i.e. as described in EP 
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0131147) : potassium clavulanate blend (ratio expressed as weights of free acids 
equivalent) blended with: 



A- sd-Lactose 500mg 
5 B- Sodium chloride 200mg 

C- Calcium chloride 50mg 

D- Magnesium chloride 50mg (equivalent to ca. 35 mg anhydrous 
MgCl2) 

10 These blends were sealed in vials with substantially airtight commercially 

available stoppers and were subjected to stability testing for 1 month at 37^0 and 
50OC. Reference standards for comparison were: Rl = commercially available 
spray-dried sodium amoxycillin : potassium clavulanate; R2 = crystalline sodium 
amoxycillin : potassium clavulanate. Both Rl and R2 were sealed in vials and 

15 stored under the conditions referred to above. 



3. Results. 

Content of the active constiments (clav. = clavulanic acid, amox. = 
amoxycillin) of the formulation is expressed as % of the initial value of the HPLC 
20 assay. 







1 month 370c 




1 month SQOC 




Clav. % Amox. % 


Clav. 


% Amox. % 


Rl 


101.9 


96.3 


93.01 


90.09 


R2 


96.36 


99.32 


90.91 


99.53 


A 


98.65 


100.48 


93.70 


99.06 


B 


96.15 


99.87 


92.57 


98.03 


C 


98.27 


99.09 






D 


101.02 


100.63 


99.49 


100.09 



30 Colour variation at 1 month 50OC: Rl > R2/B >A/C/D 

These results indicate the stability improvement against degradation by 
moisture of potassium clavulanate and sodhun amoxycillin by the listed desiccants. 
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Claims: 

1 . A pharmaceutical formulation comprising a moisture sensitive 
pharmaceutically active material and a desiccant material, the desiccant being both 

5 water soluble and pharmaceutically acceptable by parenteral administration. 

2. A pharmaceutical formulation according to claim 1 characterised in that the 
moisture sensitive pharmaceutically active material is one which is suitable for 
parenteral administration* 

10 

3. A pharmaceutical formulation according to claim 2 characterised in that the 
moisture sensitive pharmaceutically active material is a pharmaceutically acceptable 
derivative of clavulanic acid. 

15 4. A pharmaceutical formulation according to claim 3 characterised in that the 
derivative of clavulanic acid is potassium clavulanate co-formulated with an 
injectable antibiotic. 

5. A pharmaceutical formulation according to claim 4 characterised in that the 
20 antibiotic is crystalline sodium amoxycillin. 

6. A pharmaceutical formulation according to any one of claims 1 to 5 
characterised m that the desiccant is a desiccatmg metal salt which is water soluble 
and pharmaceutically acceptable when administered by injection. 

25 

7. A pharmaceutical formulation according to claim 6 characterised in that the 
desiccant metal salt is a Group I or Group n metal chloride or a mixture thereof. 

8. A pharmaceutical formulation according to claim 7 characterised in that the 
30 desiccating metal salt is a desiccating form of sodium chloride, calcium chloride or 

magnesium chloride or a mixture theeof. 

9. A pharmaceutical formulation according to any one of claims 1 to 5 
characterised in that the desiccant is a desiccating carbohydrate which is water 

35 soluble and pharmaceutically acceptable when administered by injection. 

10. A pharmaceutical formulation according to claim 9 characterised m that the 
desiccating carbohydrate is selected from lactose, sorbitol, and glucose, in an at 



-8- 



wo 95/33487 



PCT/EP95/02127 



* least partly dehydrated state. 

11. A pharmaceutical formulation according to claim 9 characterised in that the 
desiccating carbohydrate is spray-dried lactose. 

5 

12. A pharmaceutical formulation according to any one of claims 1 to 5 
characterised in that the desiccant is a desiccating form of a polyvinylpyrrolidone 
("PVP") polymer. 

10 13. A pharmaceutical formulation according to claun 1 conq)rising crystalline 
sodium amoxycillin, potassium clavulanate and as a desiccant magnesium chloride, 
sodium chloride or spray-dried lactose. 



14. A pharmaceutical formulation according to any one of claims 1 to 13 being 
15 a formulation which on reconstitution with water yields a solution which is suitable 

for administration by injection and provided in a sealed vial. 

15. A method of preparing a pharmaceutical formulation according to any one of 
claims 1 to 14, comprising the steps of admixing a moisture sensitive 

20 pharmaceutically active material and a desiccant, the desiccant being both water 
soluble and phannaceutically acceptable by injection or infusion, and optionally 
sealing the formulation into a vial,. 

16. A pharmaceutical formulation according to any one of claims 1 to 14 for use 
25 as an active therapeutic substance. 

17. The use of such a formulation as claimed in any one of claims 1 to 13 in the 
preparation of a medicament. 

30 18. A method for protecting a moisture sensitive pharmaceutically active 

material from degradation by moisture by the use of a desciccant material which is 
both water soluble and pharmaceutically acceptable by parenteral administration. 

19, A method of treatment of a human patient which includes the step of the 
35 parenteral administration to a patient in need of such treatment of a formulation as 
claimed in claim 1. 
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of any additional fee. , 



3. I I As only some of the required additional search fees were timely paid by the applicant, this international search report 
covers only those claims for which fees were paid, speciflcaliy claims Nos^ 



I I No required additional search fees were timely paid by the applicant Consequently, this mtemadonal search report is 
restricted to the invention first mentioned in the daims; it is covered by daims NoSi^ 



Rconrk on ftotest | | The additional search fees were accompanied by the applicant's protest 

j I No protest acoompanted the payment of additional search fees. 
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